During food processing and cooking, various flavor compounds, colored substances and toxic substances are produced by the Maillard reaction. It is important to investigate the relationship between the Maillard reaction products and the actual cooking conditions. Therefore, we investigated the effects of seasonings and reaction conditions on the Maillard reaction of meat using furosine and fluorescent compounds. The addition of 1.0% NaCl decreased the reaction rate of the Maillard reaction measured by furosine in Glc -meat reaction. However, the reaction rate of meat with added sucrose did not change. Furosine content in meat with added sucrose increased rapidly when it was pan-broiled and fried, but increased slowly at the beginning when it was baked in a gas oven. The fluorescence of broiled meat showed a maximum at 333/425 nm (exc./em.) and is a useful indicator of the Maillard reaction of meat samples. The rate of increasing fluorescence in baked meat was lower than that of meat heated by other cooking methods.
Introduction
During food processing, storage, and cooking, the reaction between the amino group and the carbonyl group of food components occurs randomly. This reaction is called the amino-carbonyl reaction, or the Maillard reaction. The predominant early glycation adduct is fructosyl-lysine, which degrades slowly to form many different advanced glycation end products (AGEs).
It is now known that various substances are generated in food processing and cooking by the Maillard reaction, such as flavor compounds, colored substances and toxic substances. The major flavor compounds produced by the Maillard reaction are heterocyclic compounds: thiophenes, thiazoles, pyrazines, pyrroles, imidazoles, and pyridines. Melanoidins are polymeric brown compounds formed in the last stage of the Maillard reaction. Flavor and color are important factors in consumer acceptance because they are related to food quality and characteristics. On the other hand, heterocyclic amines (HCAs) and acrylamide are toxic substances. Furthermore, many studies indicated that the Maillard reaction produced imidazoles including 4(5)-methylimidazole (Shibamoto, 1983) . The carcinogenic 4(5)-methylimidazole exists generally in foods and beverages (Moon and Shibamoto, 2011) . Hence, it is important to investigate the mechanism of the Maillard reaction during the actual cooking conditions to improve food quality and safety.
Fructosyl-lysine, an Amadori compound, is formed in the early stage of the Maillard reaction, and is measured by furosine, which is generated from the acid hydrolysis of fructosyl-lysine. Therefore, the determination of furosine is a useful marker of the early stage of the Maillard reaction. Heyns et al. (1968) and Finot et al. (1968) identified the structure of furosine simultaneously as ε-N-(2 furoylmethyl)-L-lysine. The use of furosine was further examined using improved high performance liquid chromatography (HPLC) techniques (Chiang, 1983; Resmini et al., 1990; Tirelli and Pellegrino, 1995) . Analyses of furosine in heat-treated foods have increased since 1992 and have been applied worldwide. Furosine content in dairy products has attracted attention, because the Maillard reaction between lactose and milk protein is responsible for the loss of available lysine during food ditions by analysis of browning compounds, furosine and fluorescent compounds in order to identify better cooking conditions for reducing AGEs.
Materials and Methods
Materials L-Lys, D-Glc, and NaCl were purchased from Kanto Chemical (Tokyo, Japan). Sucrose was purchased from Wako Pure Chemical Industries (Osaka, Japan). Furosine was purchased from Neosystem Laboratoire (Strasbourg, France). All the other reagents were of analytical grade. Ground beef (thigh meat) of Japanese origin was used.
Preparation of Maillard reaction samples containing LLys, saccharide (D-Glc or Sucrose) and NaCl L-Lys, saccharide (D-Glc or Sucrose) and NaCl were dissolved in 0.2 M phosphate buffer (pH 6.0) as shown in Table 1 . Test tubes (16 × 100 mm) containing 8.0 mL of mixed solution were sealed and heated in a block heater at 100℃ for 0 − 120 min. After heating, the tubes were immediately cooled and stored in a refrigerator.
Preparation of pan-broiled meat samples containing saccharide and NaCl Meat, saccharide (D-Glc or Sucrose) and NaCl were mixed according to Table 2 , and 50 g of mixed sample was made into a hamburger steak shape. The samples were heated at 200℃ for 0 − 62 min in a Teflon pan with no oil, and broiled on both sides. The surface temperature of the pan was measured by a Minolta spot thermometer (HT-21, Minolta Co., Ltd., Osaka, Japan) and kept at 200℃. After heating, the samples were immediately cooled and homogenized with ultra pure water by a homogenizer (Nippon Seiki, Tokyo, Japan). The paste samples were freeze-dried and stored in a refrigerator.
Preparation of meat samples containing white superior soft sugar and NaCl, heated using three types of cooking methods for furosine analysis Meat was mixed with 5.0% white superior soft sugar and 1.0% NaCl, and 50 g of mixed sample was made into a hamburger steak shape as seasoned meat. The concentration of seasoning was based on the typical concentration used in homemade foods. In addition, 50 g of raw meat sample was also made into a hamburger steak processing and storage (Bosch et al., 2008; Erbersdobler et al., 1987; Tokusoglu et al., 2006; Villamiel et al., 2000) . Furosine analyses have been applied to milk products, cereals, pasta, honey, and other items (Delgado-Andrade et al., 2007; Erbersdobler and Hupe, 1991; Garcia-Banos et al., 2004; Sanz et al., 2003) . However, meat as the main source of protein has not been well analyzed. Pompei and Spagnolello (1997) were the only researchers to analyze the formation of Amadori products by furosine in seasoned and processed pork compared to that in raw meat. They reported that the furosine content in tumbled meat containing NaCl and Glc in the temperature range of 70 − 90℃ increased more significantly than that in raw meat. Since the common sugar used as a seasoning, sucrose, is a non-reducing sugar, it is thought that the contribution of sucrose to the formation of Amadori products is rather small. Although actual cooking involves various heat settings, only several studies have examined Amadori products with furosine.
There are several methods to detect AGEs. Ahmed and Thornalley (2007) reported that the best method to detect Maillard reaction products is the LC/MS/MS method. However, this method has not yet been established, and AGE immunoassay procedures are associated with significant problems and limitations. The "total AGE fluorescence" with excitation and emission wavelengths of 350 and 450 nm, respectively, is used to investigate AGE formation in vivo. Some AGEs have fluorescent properties, particularly pentosidine, which shows fluorescence at an excitation wavelength of 335 nm and an emission wavelength of 385 nm (Sell and Monnier, 1989; Gerrard, 2002) . Pentosidine was found in only very small amounts in foods (Henle et al., 1997) . AGEs generated in vivo are considered to be related to aging and diabetes (Brownlee, 2001) . AGEs from food might have the same effect once they are ingested into the body (Hofmann et al., 2002; Uribarri et al., 2005; Vlassara et al., 2002) . However, the effect of cooking methods on AGE formation in meat has not been previously measured by fluorescence.
The aim of this paper is to investigate the relationship between Maillard reaction products and actual cooking con- Amadori product was determined by the furosine content because ε-N-deoxy-fructosyl-lysine, the major Amadori product, is converted to furosine in an acid hydrolysis (Faist et al., 2001) . Quantification of furosine was carried out using the method of Nicoletti et al. (2000) , with slight modification. Freeze-dried powder (L-Lys samples contained 90 mg of the L-Lys or meat samples contained 50 mg of the protein) was subjected to acid hydrolysis by the addition of 8.0 mL of 8.0 N HCl in a test tube (16 × 100 mm). The protein in the sample was determined by the Kjeldahl method. After purging with nitrogen for 2 min, the tube was capped and heated at 110℃ for 23 h. The hydrolyzed sample was filtered through a membrane filter with a pore size of 0.2 mm. Filtered sample (0.5 mL) was loaded onto a solid-phase extraction column (Bond Elut-C18, 1.0 mL/100 mg, Varian Associates, Harbor City, CA), washed with 1.0 mL of MeOH and 3.0 mL of distilled water, and then extracted with 0.5 mL of 8.0 N HCl. Analysis of furosine was done using a HPLC −10Avp (Shimadzu, Kyoto, Japan) under the following conditions: column, Inertsil Peptides C18 (4.6 × 250 mm, GL Science, Tokyo, Japan); mobile phase, 5.0 mM sodium heptanesulphonate with 20% acetonitrile and 0.2% formic acid; flow rate, 1.0 mL/min; and detection at 280 nm. The furosine standards (0.5, 1.0, 5.0, 10.0, 50.0 μg/mL), after filtering through a membrane filter with a pore size of 0.2 mm, afforded the linear calibration curves (R 2 = 0.9998).
Determination of fluorescent compounds in meat samples
Fluorescent compounds in meat samples were measured using a Shimadzu RF-1500 spectrofluorophotometer. Most fluorescent compounds of the Maillard reaction have typical excitation wavelengths of 340 − 370 nm and emission wavelengths of 420 − 470 nm (maximum 370/440 nm for exc./em.) (Matiacevich et al., 2005) . Therefore, emission fluorescence was scanned from 220 to 900 nm with excitation at 340 nm. Then, the emission was fixed at 425 nm because the maxishape as non-seasoned meat. The samples were pan-broiled (at 200℃), baked using a gas oven (at 170℃) or fried (at 140℃) for 0 − 30 min. The baked meat samples were placed at the center of the oven (300 × 425 × 375 mm, GMO-S1300, Harman Co. Ltd., Osaka, Japan). Fried meat samples were fried with 100% pure canola oil. The surface temperature of the oil was measured by a Minolta spot thermometer HT-21 and kept at 140℃. The internal temperature of each meat sample was measured by a data collector (AM-7002, Anritsu Meter Co. Ltd., Tokyo, Japan) with thermocouple probe type K (Anritsu Meter Co. Ltd., Tokyo, Japan). After heating, the meat samples were immediately cooled and homogenized with ultra pure water using a homogenizer. The paste samples were freeze-dried and stored in a refrigerator.
Preparation of meat samples heated using three types of cooking methods for fluorescence analysis Fifty grams of raw meat sample was made into a hamburger steak shape. The meat samples were pan-broiled (at 200℃), baked in a gas oven (at 170℃) and fried (at 140℃) for 0 − 30 min, as described above. After heating, the meat samples were immediately cooled and homogenized with ultra pure water using a homogenizer. The paste samples were freeze-dried and stored in a refrigerator. Six hundred milligrams of the sample was washed with CHCl 3 /MeOH (2:1) and air-dried. One hundred and fifty milligrams of the dried sample was homogenized with 8.0 mL of 0.01 M phosphate buffer (pH 6.0) and centrifuged (3000 rpm, 10 min). The supernatant was used as the sample.
Determination of the browning rate of L-Lys samples containing saccharide and NaCl The color intensity of the reaction products was measured with a UV/VIS spectrophotometer DU650 (Beckman Coulter, Fullerton, CA) at 470 nm.
Determination of furosine in L-Lys samples and meat samples containing saccharide and NaCl The amount of dition of NaCl also decreased the browning rate reaction in this experiment. The reason for this is not clearly understood. Amino acids are ampho ions in water. Dissociation constants of amino acid residues in protein seemed to increase with the addition of NaCl, and thus the rate of the Maillard reaction decreased.
Effect of seasoning on furosine formation from L-Lys
The effects of saccharide and NaCl on the amount of furosine formed from L-Lys were investigated (Fig. 2) . Furosine was not detected in the L-Lys only sample or the L-Lys sample containing NaCl without saccharide. The sample containing L-Lys and sucrose showed an extremely low amount of furosine. On the other hand, the amounts of furosine in samples containing L-Lys and D-Glc increased until 60 min, and decreased thereafter. The reason for this is the progression of the Maillard reaction, in which fructosyl-lysine is formed until 60 min, leading to the formation of intermediates and end products. Hartkopf (1993) investigated a model experiment with a lysine-Glc mixture, heated at 100℃ for up to 30 h. The amount of furosine in the mixture increased until 24 h, and decreased thereafter. Addition of 1.0% NaCl to the L-Lys sample containing D-Glc significantly decreased the formation of furosine at 60 min. Therefore, it was suggested that the addition of NaCl has an effect on the early stage of the Maillard reaction in the case of amino acid with D-Glc. Pompei and Spagnolello (1997) reported that furosine content in tumbled meat containing NaCl and Glc was significantly higher than that in raw meat. However, the common mum peak was observed at this wavelength. The excitation was scanned from 220 to 900 nm. The protein concentrations of the samples were measured by the Kjeldahl method. Samples were dissolved in 0.2 M phosphate buffer (pH 6.0), adjusted to 5.0 mg/mL. The samples were diluted to 10 − 35 times and measured at 333/425 nm (exc./em.).
Effect of seasoning on furosine formation in broiled meat
Statistical analysis Data are shown as the mean ± SD. All calculations and statistical analyses were performed using STAT VIEW for Windows software (SAS Institute, Cary, NC). Comparisons of the variables between the groups were assessed by ANOVA. P values of less than 0.05 were considered significant. Tukey-Kramer was used as a post-hoc test.
Results and Discussion
Effect of seasoning on the browning of L-Lys The effects of saccharide and NaCl on the browning reaction of L-Lys were investigated (Fig. 1) . The sample containing sucrose showed a very low browning rate. The Maillard reaction is a chemical reaction between an amino acid and a reducing sugar, and usually requires heating. Sucrose is a nonreducing sugar and therefore does not react with L-Lys in the Maillard-type browning reaction. On the other hand, absorbance at 470 nm of the sample containing D-Glc (a reducing sugar) increased very rapidly during the reaction, and the addition of 1.0% NaCl significantly decreased the browning reaction after 120 min. The result of the L-Lys sample containing D-Glc is exactly the same as the results we reported in a previous study (Yamaguchi et al., 2009) . The concentration of NaCl was lower than in previous reports; however, the adk. yaMaguChi et al. Lys-Glc-NaCl
Lys-Suc-NaCl samples containing 5.0% and 2.5% D-Glc increased very rapidly during the reaction. The addition of 1.0% NaCl in the sample containing 5.0% D-Glc significantly decreased the formation of furosine, but the decrease was not observed in the sample containing 2.5% D-Glc. The common sugar used as a seasoning is a non-reducing sugar, sucrose; therefore, it was suggested that the contribution of sucrose and NaCl to the formation of furosine was rather small in the case of pansugar used as a seasoning, sucrose, is a non-reducing sugar. Therefore, we tested sucrose as a saccharide. Results of furosine of pan-broiled meat samples containing saccharide (DGlc or sucrose) and NaCl are shown in Fig. 3 . The amounts of furosine in the meat only sample and the meat sample containing NaCl showed low values, but not zero, as the meat itself contains a small amount of Glc. The sample containing sucrose showed similar results. The amounts of furosine in The reaction conditions are described in "Materials and Methods". Each value is the mean of 6 determinations. *p < 0.05 by Tukey-Kramer post-hoc test. The reaction conditions are described in "Materials and Methods". The explanation of figure legends is shown in Table 2 . Each value is the mean of 6 determinations. *p < 0.05 by Tukey-Kramer post-hoc test. The concentration of NaCl was 1.0%.
4). The final weights of meat samples without seasoning were 30.2 g, 30.8 g and 16.7 g for the pan-broiled, baked and fried meat samples, respectively. On the other hand, the final weights of meat samples with seasoning were 30.7 g, 35.2 g and 20.2 g for pan-broiled, baked and fried meat, respecbroiled meat samples. Effects of cooking methods on furosine formation in meat In actual cooking, there are various heat settings. Hence, furosine content and internal temperature in the panbroiled, baked and fried meat samples were measured (Fig.   k. yaMaguChi et al.   Fig. 4 . Amounts of furosine and internal temperature of pan-broiled (A), baked (B) and fried (C) meat samples containing white superior soft sugar and NaCl. The reaction conditions are described in "Materials and Methods". Each value is the mean of 6 determinations. *p < 0.05 by Tukey-Kramer post-hoc test. Meat was added with 5.0% white superior soft sugar and 1.0% NaCl.
ing Most fluorescent compounds produced in the Maillard reaction have typical excitation wavelengths of 340 − 370 nm and emission wavelengths of 420 − 470 nm (Matiacevich et al., 2005) , and the fluorescence in vivo is usually measured at 370/440 nm (exc./em.) (Forbes et al., 2004) or 350/450 nm (exc./em.) (Ahmed and Thornalley, 2007) . Therefore, the effect of different cooking methods on the formation of fluorescent compounds was investigated (Fig. 5 − 7) . The fluorescence intensity of the baked meat sample (Fig. 5 ○) , measured by wavelengths of 370/440 nm (exc./em.), did not increase. On the other hand, the fluorescence intensities of pan-broiled (Fig. 5 □) and fried meat samples (Fig. 5 △) increased during heating. The fluorescence intensity of the baked meat sample was significantly lower than that of the samples heated by other cooking methods after 10 min of heating.
The excitation wavelength was fixed at 340 nm, and emission was scanned from 220 to 900 nm. The maximum peak was observed at 425 nm (data not shown). Then, the emission wavelength was fixed to 425 nm, and the excitation was scanned from 220 to 900 nm (Fig. 6 ). The maximum emission peak was observed at 333 nm in the pan-broiled meat sample (Fig. 6B) . The same results were obtained for the baked and fried meat samples (data not shown). However, this peak was not observed in the raw meat sample (Fig.  6A) . The wavelengths of excitation and emission for meat samples were lower than previous reports (Forbes et al., 2004; Ahmed and Thornalley, 2007) . Therefore, the increase tively. The furosine content in the pan-broiled meat sample (Fig. 4A ) and fried meat sample (Fig. 4C) increased linearly until 10 min, but the amount of furosine in the baked meat sample (Fig. 4B) did not increase until 15 min and increased rapidly after 15 min. It seems that the reason for this was that the internal temperature of the meat samples increased differently depending on the cooking method. In the case of pan-broiled and fried meat samples, the internal temperature increased rather rapidly compared to the baked meat sample. Therefore, the furosine content in pan-boiled and fried meat samples increased more than that in the baked meat sample at the early stage of the Maillard reaction. It was also suggested that the low water content of fried meat sample promotes the furosine formation, judging from the final weight of the meat sample. However, it was thought that the reason why the amount of furosine in the pan-broiled and fried meat samples did not reach more than 120 mg/100 g protein was that the internal temperature of the meat samples did not increase to more than 100℃. These results showed that the formation of furosine varies depending on the cooking method. The addition of seasonings, not glucose, to baked and fried meat samples significantly increased the amount of furosine. However, only a slight difference was observed between the tested cooking methods. Therefore, the contribution of white superior soft sugar and NaCl to the formation of furosine was small for all three cooking methods. Each sample was burnt by 30 min, but the internal color of the meat was still grey.
Formation of fluorescent compounds during meat cook-
Markers of the Maillard Reaction of Meat procedures. Therefore, the authors recommended using "total AGE fluorescence" to investigate AGE formation. Leclère and Birlouez-Aragon (2001) analyzed lysine damage upon heating using milk-resembling model systems. Heating at 60 − 85℃ first induced a parallel increase in furosine and advanced Maillard product (AMP) fluorescence. Later, furosine reached a steady-state concentration, whereas AMP fluorescence continued to increase, showing a correlation with lysine blockage. The authors concluded that AMP fluorescence is a good indicator of lysine damage due to heating of milk in the early and advanced stages of the Maillard reaction. In our study, since the characteristics of fluorescent products from the meat sample were observed to be similar to those of the in fluorescence intensity at 333/425 nm (exc./em.) was measured during heating (Fig. 7) . A similar trend was observed at 370/440 nm, but the fluorescence intensity at 333/425 nm was 300 times higher than that at 370/440 nm. To investigate the fluorescent compounds in cooked meat, fluorescent compounds with fluorescence at 333/425 nm were more sensitive to detection than the usual Millard reaction fluorescent compounds, which have fluorescence at 370/440 nm or 350/450 nm. Ahmed and Thornalley (Ahmed and Thornalley, 2007) reported that the best method to detect the Maillard reaction products is the LC/MS/MS method. However, this method has not yet been established, and there are significant problems and limitations associated with AGE immunoassay A B The emission wavelength was fixed at 425 nm, and excitation wavelength was scanned from 220 to 900 nm. milk model systems, it was suggested that fluorescence measurement was an effective indicator to assess the progress of the Maillard reaction in foods. In this study, each meat sample was heated for 30 − 60 min to a burnt state to investigate the production of furosine and fluorescent compounds. However, a heating time of 10 − 15 min seems to be the optimal time for food quality and also food safety by reducing the formation of harmful Maillard reaction products.
